Turnip cells infected with radish mosaic virus contain characteristic large vesiculated cytoplasmic inclusion bodies, visible by light and electron microscopy. They consist of spherical aggregates of virus particles, sometimes in a crystalline array, embedded in a membranous mass. The presence of active dictyosomes and abundant endoplasmic reticulum in the outer zone of young inclusions suggests that these organelles are involved in the formation of inclusion bodies.
INTRODUCTION
There is little information about the intracellular changes induced by viruses of the cowpea mosaic virus group. Cowpea mosaic virus itself induces the formation of cytoplasmic inclusions of vesicular type (Agrawal, I964), but there are no electron micrographs showing their ultrastructure. In the cytoplasm of Chenopodium amaranticolor Coste and Reyn., cowpea mosaic virus forms crystalline aggregates which are frequently enclosed by membranes (Milne, I967) .
Another member of the group, radish mosaic virus (RaMV), induces in certain cruciferous species vesiculated inclusion bodies (Z. Stefanac & D. Mamula, unpublished results) which, in the light microscope, resemble those induced by cowpea mosaic virus (Agrawal, I964) . To get more data on the structure and formation of RaMV inclusions, we have made a comparative study by light and electron microscopy.
METHODS
Viruses and host plant. Most of the work was done with the HZ isolate of the European strain of RaMV (cryptogram */* : */* : S/S: S/C1) found in turnip in Yugoslavia (Z. Stefanac & D. Mamula, unpublished results). The type strain of RaMV from California (Campbell, I964) served as comparative material for light microscopy. The viruses were maintained in turnip (Brassica rapa L. var. rapa) which was kept in a glasshouse at 18 to 25 °. For the study of the intracellular changes strips of epidermal tissue were taken from the region of the main vein of the leaf.
Light microscopy. The strips of epidermis were used either living or fixed. For fixation the strips were placed in cold acetone for 5 min., then transferred to 6o % (v/v) ethanol.
Unfixed material was stained with a 1% (w/v) aqueous solution of phloxine or with Lugol's solution [3 % (w/v) aqueous solution of potassium iodine containing 2 % (w/v) of iodine]. Fixed material was mounted in Millon's reagent [5"5 % (w/v) of mercury in conc. nitric acid] or in Sudan III (saturated alcoholic solution) and slightly warmed. Feulgen staining was applied to fixed leaf pieces as described by Harrison, Stefanac & Roberts (197o) .
Electron microscopy. Strips of epidermal tissue from infected or uninfected plants were fixed for 30 rain. in ~ % (v/v) glutaraldehyde in cacodylate buffer pH 7"2 and postfixed for 2 hr in ~ % (w/v) osmium tetroxide. After fixation, samples of tissue were dehydrated in an ethanol series and embedded in Araldite. Sections were cut with a Reichert Om Uz ultramicrotome and examined in a Siemens Elmiskop I.
RESULTS

Light microscopy Inclusion formation and appearance
Both strains of RaMV induced distinctive inclusion bodies in the cytoplasm of Brassica rapa L. var. rapa. These inclusions were never seen in the cells from healthy plants.
Following inoculation of the plants, inclusions arose after 3 to 5 days in inoculated leaves, and after 5 to IO days in uninoculated leaves. They were spherical or elipsoidal granular bodies, sometimes containing small vesicles and measuring from 3 x6 to 15 x 20 #m. Generally only one inclusion body occurred in a cell, but a few cells contained up to five to eight small granular bodies. It seemed that several small granular bodies arose in the cytoplasm 2 to 3 days after inoculation of the plants, and these quickly aggregated to form a single large inclusion as found with some other plant virus infections (Sheffield, 193 0. The inclusion bodies became larger with time, and eventually often exceeded the nucleus in size, measuring up to 7 ° × 25 #m. Of these enlarged inclusion bodies, some were without granules ( Fig. I a) ; others contained fine granules (Fig. I b) or rough granules (Fig. ~ c) . The majority of the enlarged inclusions contained large vesicles.
Inclusion bodies were especially numerous two or three weeks after inoculation and were sometimes present after 4 to 6 months.
Effect of microchemical reagents
After treatment with Lugol's solution the inclusion bodies became dark brown and the nuclei light brown (Fig. 2) ; with phloxine the inclusions turned red. These reactions, especially the first, were useful for quick detection of the inclusion bodies. The inclusions stained a characteristic brick-red with Millon's reagent for proteins. The Feulgen test for DNA was negative. Globules in the surface zone of rough granular inclusions stained red with Sudan III, which means that they contained lipids.
Electron microscopy
In the electron microscope the plastids and mitochondria in infected cells looked normal and were distributed throughout the cytoplasm outside the inclusions. The cytoplasm was extensively vesiculated; dictysomes and endoplasmic reticulum occurred more frequently than in healthy cells.
General appearance of inclusions
When examined in the electron microscope, the inclusion bodies were seen to consist of a basic membranous mass composed of numerous vesicles or membranes (Fig. 3, 4) and contained protoplasmic structures such as dictyosomes, endoplasmic reticulum, ribosomes and, occasionally, lipid globules, plastids, mitochondria and the structures known as 'microbodies'. The basic membranous mass frequently contained round aggregates of spherical particles (Fig. 4) and sometimes large vesicles with a diameter of 2 #m. (Fig. 3 b) or more. These vesicles were analogous to the vesicles visible inside the inclusions by light microscopy. The inclusion bodies were not separated from the surrounding cytoplasm by any special continuous membrane.
The outer zone of young inclusion bodies contained active dictyosomes and endoplasmic reticulum (Fig. 3) . Their inner part consisted of round vesicles and membranes. In general, the vesicles closest to the surface zone were smaller than those further inside the inclusions. 
Virus aggregates
The aggregates of uniformly sized spherical particles (Fig. 4) were randomly distributed throughout the membranous mass of the inclusion bodies, both near the surface and further inside. Their number reached a maximum 2 to 3 weeks after the plants were inoculated. The aggregates were seen only in the inclusions and not in other parts of infected cells.
The particles in the aggregates were either scattered (Fig. 4a) or arranged regularly (Fig. 4b) , usually in a hexagonal pattern. The centre-to-centre distance between the particles in crystalline array was 25 rim., and was analogous to the diameter of negatively stained particles of RaMV. On the basis of their size and their presence only in the infected plants, these particles are considered to be radish mosaic virus particles in situ.
DISCUSSION
Formation of inclusion bodies is the most prominent structural change visible in turnip cells infected with RaMV. In the light microscope, inclusion bodies of RaMV are rather bulky and characteristically vesiculated. They may be useful for rapid diagnosis of infection with RaMV because they differ from those induced by some other viruses affecting Cruciferae, i.e. from turnip mosaic, cauliflower mosaic, turnip yellow mosaic and turnip crinkle viruses; moreover, the inclusions induced by these viruses are also characteristic and all differ markedly one from another (Mili6i6, ~tefanac & Mamula, I969) .
The inclusion bodies of RaMV, unlike those of other polyhedral viruses, contain virus particles assembled in the spherical, sometimes crystalline aggregates which are distributed within the membranous mass of the inclusions. Particles of cauliflower mosaic and dahlia mosaic viruses, for example, occur inside inclusion bodies, not, however, in the form of crystalline aggregates, but individually embedded in matrix (Fujisawa et al. 1967; Kitajima, Lauritis & Swift, I969) . The aggregates of polyhedral viruses are usually distributed throughout the cytoplasm (Lawson & Hearon, ~97o; Weintraub & Ragetli, ~97o) . However, the possibility exists that crystalline virus aggregates are incorporated inside inclusion bodies of some more polyhedral viruses. Particular crystalline aggregates were found in X-bodies of Petunia ringspot virus (Rubio-Huertos, ~968); in case they are built of virus particles, they would show a certain similarity with RaMV inclusions.
The presence of dictyosomes and endoplasmic reticulum in the surface zone of young inclusion bodies (Fig. 3) and their abundance in the cytoplasm of infected cells indicate a certain relationship between activity of these organelles and virus multiplication or assembly. Furthermore, they may be involved in the formation of the membranous mass of the RaMV inclusions. Inclusion bodies containing numerous membranes derived from dictyosomes have been found in connection with a number of different virus infections. Dictyosomes form membranes in the X-bodies of Petunia ringspot virus (Rubio-Huertos, ~968) and vesicular structures in the X-bodies of sugar beet mosaic virus (Fujisawa, Matsui & Yamaguchi, ~967) . They are also involved in the formation of inclusions of dahlia mosaic virus (Kitajima et al. I969) .
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